Essential role of acetyl-CoA carboxylase in the glucose-induced insulin secretion in a pancreatic beta-cell line.
The current model of the nutrient sensing mechanism in pancreatic beta-cells implies that malonyl-CoA plays a key role. According to this hypothesis, glucose activation of acetyl-CoA carboxylase triggers a rapid production of malonyl-CoA which inhibits carnitine palmitoyltransferase 1 and the importation of fatty acyl-CoA into the mitochondria for oxidation. The increase in cytosolic long chain fatty acyl-CoA leads to the exocytosis of insulin by a mechanism which has not yet been clearly defined. To obtain direct evidence that ACC plays a central role in this process, we generated stable transfectants of an insulin secreting cell line (INS-1) that express ACC specific antisense mRNA. The amounts of ACC mRNA and the protein level were specifically decreased in these stable clones compared to those of the control cells. The glucose activation of ACC in these cells was also significantly diminished. Both acute and long-term induction of insulin secretion by glucose were decreased. This decrease was inversely correlated to the levels of ACC activity in clones. In these clones, the insulin secretion induced by other nutrients, amino acids and ketocaproate, is also impaired, while the KCl-induced insulin secretion remains unchanged. Decreased ACC expression was accompanied by impaired malonyl-CoA production and elevated fatty acid oxidation. The expressions of the pancreatic specific glucokinase, glucose transporter 2 or beta-actin in these cells, as well as glucose utilisation were not affected, suggesting that the effect of the expression of the ACC mRNA specific gene on insulin secretion is specifically related to the decrease in the amount of ACC gene products. These results provide direct evidence of a causal relationship between ACC and insulin secretion.